Fire has been part of the North American boreal and cordilleran ecosystems for thousands of years. Because fire and harvesting compete directly for the same wood supply, and provinces have, within the last few decades, tended to reach their annual allowable cut, salvage logging has emerged as a practice to minimize the impact of fire on long-term wood supply. In most parts of the boreal and cordilleran forests, fire-killed boles rapidly degrade after their death, as wood-boring insects, stain, wood-decay fungi and checking lead to significant loss of grade or volume in the months following the fire. Because of this impending degradation, salvage operations are often hurried and other considerations, including the potential ecological impacts of salvage logging, have seldom been taken into consideration when defining harvesting strategies. The ecological consequences of rapid salvage have been widely studied only in the last 5 years, and it is now clear that salvage logging can have negative impacts on natural regeneration by seed, water quality, and fire-associated animal species. In this paper, we review both industrial and ecological constraints to salvage logging and discuss how both can be integrated in salvage plans. In particular, we focus on the issues of salvage timing and retention. At this point, some type of retention of merchantable stands, even if only for a few years, appears to be the only way to alleviate the negative ecological impacts of post-fire logging. On-site operational constraints, e.g., stands that cannot be harvested due to lack of accessibility, represent an important starting point for any retention strategy.
Introduction
In the period 1970 to 1990, it became apparent that natural disturbances were a recurrent factor in essentially all ecosystems (Pickett and White 1985) . Controlling both deaths and births (including the release of suppressed advanced regeneration), disturbances were now seen as the primary arbiters of plant population dynamics. Subsequently, as long-term sustainability of the entire ecosystem became a paramount consideration, disturbance-based forest management emerged as a coarse-grained guide to decisions regarding rotation and retention. That is, it is presently argued that all the plant and animal species within the system have shown themselves able to persist within the historical disturbance regime, and therefore harvesting should strive to emulate that regime (Haila et al. 1994) . For much of the boreal and cordilleran forest, the predominant disturbance regime has consisted of very large fires occurring episodically within a landscape.
Wildfire can have a major impact on the annual allowable cut (AAC), and therefore on the economy, of many countries (Bergeron et al. 2004) . Fire and forest products companies are in direct competition for the same wood supply. In regions where standing stocks of wood have been declining (e.g., due to overly optimistic AAC estimation or land withdrawals for environmental protection), salvage logging has been introduced as a way of minimizing the economic impact of largescale forest fires. As the technology to treat fire-killed wood in lumber and pulp mills continues to develop, one presumes that salvage logging likewise will become more common, especially when a region experiences a major fire year. As an example, in the Saguenay-Lac-Saint-Jean region in Quebec, 95% of the wood treated at saw mills in 2005 came from salvage operations (M.-C. Dumont, Ministère des Ressources naturelles, personal communication, 2007) .
Because so many species of plants and animals are associated with recent fires, the sudden emergence of salvage logging as a common practice has been accompanied by concerns about its effect on biological diversity and ecosystem processes (e.g., Greene et al. 2006) . Few efforts have been made so far to consider both economic and ecological factors in the elaboration of forest management policies: foresters are often unaware of the potential long-term consequences salvage logging can have on ecosystems, while many field ecologists show little interest in the economic constraints guiding the decisions of forest products companies.
In this paper we review first the operational constraints affecting the timing and spatial extent of salvage operations, and second the documented and speculative impacts of salvage logging on biological diversity and ecosystem processes. We also explore the interaction of these sets of constraints to see if the timing of salvage operations and the spatial configuration of retention can alleviate some of the deleterious ecological consequences while maintaining the profitability of timber harvest.
Fire in the boreal and cordilleran forests
Forest fires have played a major part in the disturbance regime of boreal forests since the last glaciation, although with significant regional variation in time. Average historic fire intervals (18 th -20 th centuries) vary among regions, but can generally be considered as short: around 100 years in the boreal plains and shield, around 150 years in the montane cordillera, and perhaps 250 years on the taiga shield (Bergeron et al. 2004) . These intervals have increased considerably since the end of the "Little Ice Age" (mid-19 th century), especially in eastern Canada, but are expected to decrease again in a 2 ϫ CO 2 global warming scenario (i.e., double of the historical concentrations of CO 2 in the atmosphere) (Bergeron et al. 2004) . At present, long-term statistics indicate that of the 315 million hectares of boreal forests in Canada, an average of 1.3 million hectares burn each year, reaching 7 million hectares in exceptional years (Van Wagner 1988) .
The short fire rotations in the boreal/cordilleran domain are due in part to the structure and flammability of stands dominated by conifers, and to a climate where prolonged droughts recur (Rowe and Scotter 1973) . Further, short dry summers result in low decomposition rates, which favour the accumulation of fine fuels at the soil surface. The surface duff dries quickly during rainless intervals. Given an ignition, the horizontal and vertical continuity of the foliage and branches facilitates the propagation of crown fires (Rowe and Scotter 1973) . Short fire intervals produce 2 characteristic features of boreal forests. First, they exhibit a fairly species-poor cover, dominated by a few fire-adapted species. In fact, because of these adaptations, the pre-disturbance dominants usually recolonize the disturbed area, both rapidly and reliably with few changes in their relative importance (Rowe and Scotter 1973, Greene and Johnson 1999) . Second, relatively frequent large fires tend to create a landscape consisting of a few patches of even-aged canopy trees that represent previous burns. Where a forest can avoid fire for an unusually long period (especially common in parts of the East), small-scale gap dynamics can lead to more heterogeneity of species and (with very long intervals) ages as shade-tolerant stems (many of which, however, date to the last fire) ascend into canopy openings. Very large boreal and cordilleran fires may be rare but they nonetheless account for the great majority of area burned in Canada (Johnson 1992) . Thus, the typical canopy tree will die from a fire exceeding 5000 ha. These larger fires are usually invaginated with a great deal of edge, and peppered with large (>1 ha) unburned residual patches and stands within the nominal burn perimeter. In addition, a nontrivial fraction of the remainder of the fire consists of partially burned stands that are a mix of dead and living trees.
Managing fire-driven landscapes
In the second half of the 20 th century, even-aged management via large plantations was the conventional way to recreate Hannon and Drapeau 2005) . Also, because fire suppression policy is deliberately lax or ineffective in much of the North American boreal forest, logging does not replace fire, but rather combines with it to increase the proportion of young forests in the landscape. Thus, unless a natural lengthening of the fire cycle occurs (which might be occurring at least in some regions of Canada [Bergeron et al. 2004] ), logging and fire must be seen as competitors for the timber resource. In such a context, management based on the replacement and emulation of natural disturbance regimes is hardly applicable. In several regions of boreal Canada, following decades of industrialized even-aged management, stocks of wood have been declining, and AAC has been or will be decreased significantly. For example, AAC in the province of Quebec has been reduced about 20% following a public commission that revised how public forests were managed (Coulombe et al. 2004) . While salvage logging was rare in Quebec before the 1990s, it is now emerging as a standard practice to reduce the economic impact of fire on an already decreased AAC (Nappi et al. 2004) . This trend in the intensification of salvage logging is widespread in North American boreal forests, and is also present in other forested ecosystems where fire plays an important role (Lindenmayer et al. 2004, Lindenmayer and Ough 2006) .
Salvage Logging across the North American Boreal and Cordilleran Forests: Regulations and Practices
In Canada, aside from the Territories, natural resource management is of provincial jurisdiction, and therefore regulations can vary considerably. In general, salvage logging is mentioned in provincial forest acts as a potential recourse following fire and other types of disturbance. Several provinces include salvage inducements in their forest acts or management plans. Timber dues are in some cases significantly reduced for salvage logging (Manitoba, Ontario). In Alberta, salvaged volumes may not be charged against AAC quotas, thus increasing the total available volume for industries (Schmiegelow et al. 2006) . Alternatively, other provinces (Manitoba, Ontario, Quebec) penalize forest companies that do not comply with proposed salvage plans by reducing AAC by an equivalent amount (Table 1) . A few provinces have already expressed concern about salvage via management guidelines that specifically limit the amount of salvage within a harvest block; the goal being to maintain some portion of the post-fire variability. This includes the retention, if possible, of all unburned patches within the nominal fire boundaries. In Alberta, these guidelines target a minimum level of retention of 25% for burnt merchantable stands, including patches >100 ha (10%), patches >10 ha (10%), and individual or small groups of trees (5%) (Anonymous 2006) . In Ontario, companies should not salvage all burns, some being left unsalvaged to maintain representative habitats (OMNR 2001 (OMNR , 2003 . Also, minimal retention levels for patches of burnt trees of 2% to 8% should be observed in the fires that do get salvaged. As in Alberta, this retention is to be distributed along 3 patch size classes: >50 ha (45%), 5 ha to 50 ha (35%) and <5 ha (20%). In addition to patch retention, these documents suggests retaining individual or patches of trees to a density of 25 trees/ha. Some other provinces promote salvage logging in their forestry acts without any specific regulations or restrictions concerning on-site practices. In Quebec, special management plans for recent burns are exempted from the obligation to apply regulations prescribed for unburned forest management, including the retention of riparian and linear buffer strips. Companies are thus under no obligation to retain any specific amount of burned trees (Nappi et al. 2004) , and normal standards for environmental protection are even reduced. However, in some situations access and merchantability combine to limit the actual percentage of the burn that is harvested. Thus, despite the inducements to salvage in Quebec and the lack of on-site regulations, the proportion of fires that are eventually salvaged remains low (<30%), at least for the present (Nappi et al. 2004) . Industrial constraints in the management of disturbed forests: Loss of usable wood with time Spatially, the most important on-site operational considerations are topography and stand accessibility. But temporally, the primary factor is the assumed degradation of standing timber through time. Fire induces significant changes in wood chemistry, but its effect is usually restricted to exposed surfaces because of the low thermal diffusivity of wood. Fire by itself thus causes minimal losses, only 3% to 4% of standing volume, and occurring mostly in small-diameter, low-value trees (Lowell et al. 1992) . Although the charcoal associated with the chemically altered outer layers can cause problems in further treatment of the timber, aggressive debarking is usually sufficient to minimize charcoal contamination (Watson and Potter 2004) . Subsequently, the degradation that follows the actual fire is a continuous process that can lead to significant losses in standing volume depending on the timing of salvage operations. Different causal agents have been classified as contributing to "limited" or "general" degradation (Kimmey and Furniss 1943) . Limited degradation may decrease the value of the wood because of aesthetics but not its structural strength (Lowell et al. 1992) . Damage caused by stain fungi and woodboring insects is usually placed in this category. Wood decay per se is classified as general degradation, because even small amounts of weight loss (cell wall degradation) result in a reduction in structural strength (Wilcox 1978 , Lowell et al.1992 ) and, thus, salvageable volume. Insects usually colonize fire-killed trees before wood-decay fungi, and indeed often act as vectors for these agents. The biology and impact of agents causing degradation are reviewed in the following sections.
Wood-boring insects
Wood-boring insects are the agent of wood degradation that has received the most attention. Several of these insect species react physiologically to stimuli produced by fire, and can thus be, in some cases, on-site in a matter of hours (Evans 1971) . Some species are known or suspected to actively respond to smoke (e.g., genera Arhopalus and Melanophila [Coleoptera: Cerambycidae and Buprestidae], Suckling et al. 2001 , Schütz et al. 1999 . Genera Melanophila and Oxypteris (Coleoptera: Buprestidae) can also detect the heat produced by the fire using photomechanic infrared receptors located in pits on their undersides (Evans 1966 , Schmitz and Bleckmann 1998 , Schütz et al. 1999 . Several other groups of insects having high dispersal capabilities can be found in recent burns feeding on fire-killed trees, including numerous species of bark beetles (Coleoptera: Scolytidae). Other species of wood-borers that are not essentially associated with fire-killed hosts will also be found in these habitats in years following the disturbance.
The impact of these insects on wood degradation is largely dependant on their feeding behaviour, especially the anatomical region of the trunk in which they feed. Phloem feeders, which include most bark beetles, some buprestids (e.g., genera Anthaxia, Chrysobothris) and several cerambycids (e.g., fire-associated Acmaeops and Gnathacmaeops), largely restrict their feeding activity in the phloem and cambium, and cause little damage by themselves in fire-killed trees (Gardiner 1957 , Lowell et al. 1992 . However, bark beetles of the genera Dendroctonus and Ips can kill fire-damaged trees that might otherwise have survived (Furniss 1965 , McHugh et al. 2003 . Further, bark beetles are known to introduce wooddecay fungi in newly colonized hosts (Haberkern et al. 2002) . They thus participate to some degree in general degradation as vectors of fungal spores. Sapwood and heartwood feeders cause direct damage to sound wood by excavating galleries of variable depth. Ambrosia beetles (Coleoptera: Scolytidae) quickly attack fire-killed trees but excavate relatively short galleries in the sapwood; however, they introduce stain fungi (see following section), on which the larvae will feed (Lowell et al. 1992) .
The most important species of sapwood and heartwood borers belong to the family Cerambycidae (i.e., longhorn beetles), and include the genera Asemum, Arhopalus, Monochamus and Tetropium (Parmalee 1941; Gardiner 1957; Vallentgoed 1991; Saint-Germain et al. 2004a, b; Boulanger and Sirois 2007) . Within this group, Monochamus scutellatus (Say) is the main species of concern in the boreal forest of North America, as its populations are usually much larger than those of other species; it can colonize fire-killed trees in densities exceeding 300 larvae per m 2 of bole surface (Saint-Germain et al. 2004b ). This species feeds on most species of the genera Abies, Picea and Pinus (Gardiner 1957 , Vallentgoed 1991 , Vlasak and Vlasakova 2002 Saint-Germain et al. 2004a) . The life cycle of M. scutellatus is usually around 2 years in duration. Young larvae feed on the subcortical tissues until they reach the 3 rd instar, at which time they penetrate the sapwood. According to Rose (1957) they usually reach this 3 rd instar at the end of the first summer of growth (i.e., in the same year as the fire). Following this penetration of the sapwood, the larvae excavate deep U-shaped galleries that can reach up to 20 cm in length and penetrate the wood to an average depth of 7.5 cm (Ross 1960 , Cerezke 1977 . They excavate a cell in which to pupate at the end of their second summer and emerge as new adults in early summer 2 years following the disturbance (Rose 1957) .
Colonization by sapwood and heartwood borers is most pronounced in large trees and in those having an intermediate amount of charring (Saint-Germain et al. 2004a, b) . That is, lightly burned trees (many of which may well survive the damage) are avoided because (presumably) they can still offer serious defences such as resin production, while heavily charred trees are likewise avoided presumably because the nutrient-rich phloem itself is too degraded and dry. Also, Saint-Germain et al. (2004b) found that the colonization density of borers was significantly higher in burned stands with nearby unburned forest. This probably means not that there is a serious dispersal constraint within the burn but rather that burnt trees near edges are more heavily colonized simply because they are the first ones encountered by invading adults.
As mentioned earlier, wood-borer damage generally does not importantly affect the structural integrity of the wood once processed at the saw mill. However, wood exhibiting galleries is usually lowered in grade for aesthetic reasons (Lowell et al. 1992) . Lumber lots that show damage by borers are in some cases difficult to market, and can be the object of export restrictions, as some countries, including the European Economic Community, reject products exhibiting damage caused by potential vectors (Monochamus is an example) of the pinewood nematode (Vallentgoed 1991) . 
Stain fungi
Fungi of the genus Ophiostoma (Ophiostomatales: Ophiostomataceae) are peculiar in that they stain the affected wood, usually in a blue-green color. Stain fungi are often associated with bark beetles, which act as vectors (Six and Bentz 2003, Lee et al. 2006) . These fungi usually develop quickly following the fire, and are among the main contributors to degradation in the first year following disturbance. These stains do not damage the wood structurally, as they exclusively feed on ray parenchyma cells, but affected wood will usually be lowered in grade because of the appearance (Lowell et al. 1992 , Hopkin et al. 2001 . Marketing surveys show that consumers discriminate heavily against blue stain (Byrne et al. 2005) . Susceptibility to stain fungi varies among tree species, with species having a higher proportion of sapwood (e.g., pines) more affected. Stain fungi may be more problematic in wet sites, as severity of staining has been linked to the rate of drying in fire-killed Pinus radiata D. Don (Wright and Grose 1970) .
Wood-decay fungi
Most wood-decay fungi found in the sapwood cause brown rot (Lowell et al. 1992) . Unlike stain fungi, these wood-decay fungi degrade cell walls. Such degradation can rapidly affect the structural strength of the wood and thus decrease salvageable log volume, for production of either lumber or pulp (Wright et al. 1956 , Kennedy 1958 , Wilcox 1978 . Inward progression of wood-decay fungi is usually slow but is facilitated by breaks in the sapwood, such as insect galleries, splits or branch stubs (Rayner and Boddy 1988) . The rapidity of the progression of wood-decay fungi appears to be highly variable according to tree species and environmental conditions. Studying wood decay in Douglas-fir (Pseudotsuga menziesii [Mirb.)], Smith et al. (1987) did not detect any significant strength losses until the third year after tree death. However, Wright et al. (1956) concluded that decay caused substantial losses in terms of salvageable lumber or pulp after 2, 3 and 4 years (lumber: 24%, 31% and 55% loss; pulp: 0%, 11% and 28% loss). In Abies amabilis (Douglas), rate of growth affects the rate of decay, as fungi progress radially more rapidly when growth rings are wider. At the stand scale, the dependence of fungal growth on water means that every factor impacting wood moisture content will affect decay rate, e.g., drainage, aspect and slope, as fungi cease growth where wood water content drops below 15% (Boyce 1961 , in Lowell et al. 1992 .
Checking
Checking, i.e., splits in wood perpendicular to the wood grain, occurs in fire-killed trees when drying stress in the tangential direction overwhelms the fracture strength of wood (Nakamura and Woodard 2003) . Checking can be widespread or marginal depending on forest types, as some tree species are more susceptible than others. In Alberta, checking is considered to be the most important degradation factor in determining the amount of lumber that can be recovered from a bole. Processing of heavily checked logs results in reduced board width and length, and thus in a lower lumberrecovery factor (Byrne et al. 2005) . In a study by Nakamura and Woodard (2003) , splits were first visible 3 1/ 2 months after the fire, and the authors observed a high frequency of splits (either straight or spiral) in all tree species studied 1 year after the fire: 26% of boles had at least 1 split in lodgepole pine, 66% in black spruce and 53% in white spruce (Picea glauca [Moench]), and 100% of balsam fir (Abies balsamea [L.]) boles had multiple splits. Occurrence of checking was less common in bigger trees, where checking damage was usually restricted to the top (Lowell et al. 1992) . However, checking damage remains a major factor of degradation in most of Canada's boreal and cordilleran forests, where diameters tend to be small. Occurrence of splits may be influenced by the time of burning, wood moisture content at the time of death (which seasonally varies), and fire severity (Nakamura and Woodard 2003) .
Falling rate of fire-killed trees
The falling rate of fire-killed trees can affect salvage potential in 3 ways. First, fallen logs usually decay faster than standing dead trees because they are in contact with the moist ground (Boulanger and Sirois 2007). Thus, if a significant proportion of trees to be salvaged fall to the ground rapidly after the disturbance, some loss of volume due to rapid decay can occur. Second, many trees break into segments when they fall; many of these segments will not be worth forwarding to the landing. Finally, a high density of fallen boles can hinder machinery movement and thus slow operations.
Some limited data suggest that fire-killed trees generally fall earlier than snags in other contexts; Laudenslayer (2002) reported that 7 years after fire, 58% of fire-killed ponderosa pines had broken, compared to 30% in trees killed by other agents (mostly bark beetles). Russell et al. (2006) monitored snags within 2 wildfires in western Idaho. Predicted snag halflife was 9 to 10 years for ponderosa pine and 15 to 16 years for Douglas-fir. Everett et al. (1999) reported similar numbers for ponderosa pine, lodgepole pine and subalpine fir, with 50% of burnt trees <23 cm dbh falling or snapping in the first 7 to 12 years after the fire. There are few similar data available from the boreal forest, especially for eastern Canada. Let us for the moment ignore diameter and other factors and posit that 50% of trees in an unsalvaged forest will fall in 10 years. Assuming a negative exponential distribution (i.e., constant annual probability of falling/snapping), then in the first, second, or third year after fire we might expect a loss of 7%, 13%, or 19% of all trees. Undoubtedly, there is a lag at first as roots take some time to decay, and so the loss rates will be less than this. In any case, we can argue that initially, the loss of trees should not be dramatic if salvage is delayed. Conversely, as shown by Russell et al. (2006) , salvage accelerates the fall rate, probably because of an increase in wind speed. This will, of course, affect the population dynamics of animals that use snags for nesting or of fungi that do not merely use snags but disperse spores from them.
Salvaging fire-killed trees for pulp
Stain fungi, insect damage and checking do not affect the potential of salvaged wood for pulp because now neither strength nor appearance is an issue. However, wood decay diminishes the potential of salvaged pulpwood as the degradation of structural polysaccharides decreases fibre length and thus the quality of the final product (Wright et al. 1956 ). Charcoal contamination can represent a problem in pulp production and a series of measures must be applied to reduce its effects (Watson and Potter 2004) . Debarkers are typically equipped with modified tips to aggressively remove charred portions of the logs (Araki 2002). Water-blasting has also been used to maximize charcoal removal (Watson and Potter 2004) . All of these measures increase processing costs and make difficult the simultaneous treatment of burned and green logs. Further, charcoal contamination abrades the equipment and therefore increases maintenance costs.
There is, however, 1 factor in pulpwood salvage that is time-dependent. Water content of fire-killed trees can decrease to extremely low levels. Pulp produced with such low-moisture chips usually shows some deleterious effects: low production rates, lower pulp brightness or reduced pulp viscosity. Chip water content can be increased by pre-steaming or by mixing them with green chips, but below a given percentage of water content, chip rewetting can be very difficult, and deleterious effects are unavoidable (Watson and Potter 2004) . Since stem moisture decreases at a constant rate following the death of the tree, the best option to preserve pulp quality is thus to harvest fire-killed trees within 1 year following disturbance.
Summary
Typically, salvaged saw wood is lowered in grade within the first few years because of degradation (Fig. 1) . Low levels of staining usually appear in a matter of weeks in favourable conditions. Devaluation due to wood-boring insects is usually not significant until the year following the fire. On dry sites, checking is already widespread a few months following the fire (Nakamura and Woodard 2003) . Meanwhile, pulpwood becomes devalued slowly because of decreasing water content within the boles. For both saw wood and pulpwood, falling or snapping of boles proceeds slowly with time and is probably the least important factor in the timing of salvage. It is not surprising that industry has adopted the policy of initiating salvage within the first 2 years after a fire. Undoubtedly, forest managers would like to salvage the day after a fire is officially declared contained, but they are constrained by the time required to make decisions, build roads, etc. Typically, salvage operations begin about 3 months after the fire, and, given the huge size of the burns that are the main causes of forest death, are not concluded for another year.
Biological Constraints in the Management of Disturbed Forests
This section deals with the initial response of plant and animal populations to fire and the documented effects of salvage logging on these organisms. Especially, we focus on the known and speculative effects of rapid salvage on 3 groups: pyrophilous insects, cavity-nesting birds, and trees.
Pyrophilous insects
Insects, constituting the bulk of boreal forest species diversity (Grove 2002) , show numerous adaptations to take advantage of recently burned habitats. A minority of these species (deemed "pyrophilous") show very specialized adaptations to fire, and are believed by some to essentially be dependant on recent burns for their long-term persistence in the landscape (Wikars 1994) . Among the unique resources created by fire, the most obvious are a nearly unlimited supply of freshly killed trees, soil types rarely seen in other successional stages of the forest, warmer ambient temperatures for several years after the burn, and, at least initially, enemy-free space (Wikars 1994) . The most studied pyrophilous species are beetles, and the most common of these are listed in Table 2 .
Freshly killed trees are particularly valuable for woodfeeding insects as the nutritional quality of the woody tissues is at its highest while induced defence mechanisms are no longer functional (Hanks 1999) . Tree mortality in undisturbed forests is, by definition, uncommon in both space and time; in consequence, freshly killed trees are difficult to find. Large-scale, stand-replacing disturbances provide woodfeeding insect populations with the opportunity to greatly increase their numbers. Also, these insect species make an additional contribution to biodiversity as they also support numerous specialized predators, parasites and hyperparasites (Grove 2002) . Saint-Germain et al. (2004c) obtained capture rates more than 10 times higher in burned stands than in adjacent unburned controls for Cerambycidae, Elateridae and Salpingidae, and about 3 times higher for Lathridiidae and Scolytinae. Most of these insects being restricted to the subcortical area of the trunk, species richness of these guilds usually drops significantly a few years after the fire with the disappearance of the subcortical habitat (Table 2 ; Boulanger and Sirois 2007). Saproxylic insect species (i.e., those dependent on dead wood) are exceptionally active in recent burns, and are not limited to the beetles. Some wood-living fungi, mostly ascomycetes, have been consistently associated with firekilled trees (e.g., Daldinia concentrica [Bolton] [Pyrenomycetes]), and several fungivorous insect species therefore colonize recent burns in high numbers (Wikars 1994) . The most commonly cited groups of fungus-eaters include the flat bug genus Aradus (Hemiptera: Aradidae), and Corticaria beetles (Coleoptera: Lathridiidae) (Wikars 1994 , Saint-Germain et al. 2004c , Boulanger and Sirois 2007 .
The effect of salvage logging on saproxylic (i.e., deadwood-dependant) insects has not been directly studied thus far. Salvage logging ought to cause direct mortality on the adult insects that colonized the harvested trees or their offspring. Thus, immediate salvage logging has the potential to turn a population source into a population sink. Since the importance of the relative contribution of recent burns to these species' population dynamics is not known, we should at this point be cautious about the potential impacts widespread salvage could have. The effective mortality should be proportional to the percentage of merchantable trees harvested, as small boles are shunned by most species in the colonization phase (Saint-Germain et al. 2004a, b) . Since a large proportion of subcortical insect species mostly use recent burns for only 1 to 3 years (Table 2) , delaying salvage for a few years could allow some population processes of fire-favoured saproxylic insect species to persist.
Among surface-dwelling species, ground beetles (Coleoptera: Carabidae) have received most of the attention in the literature, and some species have been termed "pyrophilous" in North America, such as the genus Sericoda, some species of Harpalus, and Pterostichus adstrictus (Eschscholz) (Holliday 1984; Holliday 1991) . Species of Sericoda are of particular interest, as they are seldom captured in other habitat types. The ground beetle communities typically seen in recently burned forests vary significantly depending on the severity of the fire, but they can generally be characterized by the presence of Sericoda fire specialists and the absence of mature forest specialists (Richardson and Holliday 1982; Holliday 1984 Holliday , 1991 Saint-Germain et al. 2005; Buddle et al. 2006) . The presence of Sericoda species is usually ephemeral; Holliday (1984) reported evidence that it did reproduce onsite the year of the fire, but not the following year.
Two recent studies have looked at the effect of salvage logging on ground beetle communities (Koivula and Spence 2006, Phillips et al. 2006) . Using a gradient of 0 to 100% salvage, Phillips et al. (2006) observed an overall increase in species richness and abundance in salvaged areas. Only 3 species were negatively affected by salvage logging, Agonum gratiosum (Mannerheim), Platynus decentis (Say) and Scaphinotus marginatus (Fischer von Waldheim). These species can be considered as mature forest species rather than pyrophilous ones. Both Sericoda species found at the site (S. bembidoides Kirby, S. quadripunctata [DeGeer]), which could be considered as the main species of concern for burned habitats, actually increased in number in salvaged areas. Koivula and Spence (2006) compared ground beetle communities between 4 classes of salvage logging intensities, and found that S. quadripunctata abundance varied little with harvesting intensity. Again, negative impacts were mostly seen in mature forest species. Thus, the 2 North American studies looking at the effect of salvage on ground beetles suggest that this practice has no negative impact on fire-associated ground beetles.
Cavity-nesting birds
Several studies from the boreal and cordilleran forests have shown that recent burns are used by unique assemblages of bird species (Hutto 1995 , Stuart-Smith et al. 2002 , Schieck and Song 2006 . Birds are usually influenced by the structure and the resources associated with a given habitat rather than by dispersal constraints (Hobson and Schieck 1999) . The uniqueness of recently burned forests is due to their open structure, coupled with an abundance of snags, of saproxylic and hypogaeic insects, and of seeds from serotinous cones (Hutto 1995, Schiek and Song 2006) . Several of these species, especially in the first 2 nutritional guilds, are cavity nesters, and the abundance of snags offers plenty of opportunities for primary excavators (Hutto 1995 , Hobson and Schiek 1999 , Imbeau et al. 1999 , Stuart-Smith et al. 2002 . Some evidence has been put forward suggesting that recent fires act as source populations in the landscape dynamics of some woodpecker species, e.g., Black-backed woodpecker (Murphy and Lehnhausen 1998) and Lewis's woodpecker Vierling 2001, Gentry and Vierling 2007) . Post-fire resources (with the exception of snags) used by these bird guilds are quite ephemeral, as the abundance of both wood-feeding insects and conifer seeds decrease sharply in the first few years following the fire (Rose 1957, Charron and Greene 2002) . The abundance of woodpeckers, especially those associated with bark beetles (e.g., Three-toed woodpeckers), decreases sharply in the third year following the fire (Hoyt and Hannon 2002) . Kreisel and Stein (1999) associated cavity-nesting birds with early (1-to 9-year-old) post-fire habitats. As structural elements characteristic of recent burns disappear (i.e., snags), the changing assemblages using young, pyrogenic stands converge to a large extent in species composition with assemblages typical of other types of disturbance such as logging, insect epidemics, or windthrow (Hobson and Schieck 1999, Schieck and Song 2006) . The first few years following the disturbance are thus the most critical in terms of the contribution of recent burns to bird biodiversity of the boreal forest. This contribution is strictly dependent on high snag density for all 3 of the above-mentioned nutritional guilds, whether it is as a source of food or of nesting opportunities. Thus, one is not surprised to find differences in species composition and abundances following rapid salvage (Saab and Dudley 1998 , Morissette et al. 2002 , Hutto and Gallo 2006 , especially if the intensity of salvage is high. In general, salvage logging reduces nesting habitat for cavity and canopy nesters, and seem to favour ground and shrub nesters. Also, omnivores and foliage gleaners replace timber drillers as dominant nutritional guilds. In a study of 18 cavity-nesting fire-favoured species, Hutto and Gallo (2006) found that the number of active nests was 3 times higher in non-salvaged areas, and only 8 of these species nested at all in the logged area. The intensity of salvage is clearly a factor: in cases where all merchantable trees are removed, all guilds favoured by fire seem to be negatively affected. In a study comparing the effects of different intensities of salvage logging, Schwab et al. (2006) reported a 50% decrease in bird abundance in the 100% removal treatment, and that the Black-backed woodpecker was totally absent from those plots. Several studies described bird assemblages occurring in partially salvaged stands, and in some cases such practices seemed to favour aerial insectivores and maintain at least some of the cavity nesters associated with recent burns Dudley 1998, Schwab et al. 2006) . Saab and Dudley (1998) reported the response of 9 cavity-nesting species to 2 salvage logging approach ("standard" salvage cut and "wildlife prescription" salvage cut), both of which resulted in an effective retention of about 50%. For the Black-backed woodpecker and the Hairy woodpecker (Picoides villosus [L.]), number of nests/km surveyed was lower in both partial salvage treatments, and the later had a lower nesting success, but both were effectively maintained in such habitats. Aerial insectivores like Lewis's woodpecker and the Western bluebird Swainson] ) had more nests in salvaged areas, but no increase in nesting success was observed. In another study comparing bird assemblages in different retention levels (0%, 25%, 50% and 100%), Schwab et al. (2006) reported similar overall bird abundance in all retention levels, but the Black-backed woodpecker was rare or absent in all salvaged treatments.
It is simply not clear at this point what level of retention would be appropriate to maintain these bird species at levels of abundance that would insure minimal breeding success. Also, for species that may present source-sink-type population dynamics, mere "maintenance" of these species in managed recently disturbed stands is probably not enough to insure their long-term persistence in the landscape. For example, some evidence suggests that, because of its low occurrence and nesting success in unburned forests, the persistence of the Black-backed woodpecker at the landscape level may be compromised without frequent population pulses occurring following large-scale disturbances (see Hutto 1995) . This species being dependant on wood-boring larvae as food source, its occurrence is closely linked with the population dynamics of its prey. At least in some contexts, particularly when the primary prey species are relatively short-lived (e.g., the white-spotted sawyer, 1-3 years as larva), Black-backed woodpecker abundance can drop significantly in the third year following the fire (A. Nappi, personal communication, 2007) . In this particular case, delaying salvage for 2 to 3 years, if feasible, could greatly reduce the negative impact of salvage logging on this species.
Tree regeneration
Several reproductive characteristics of boreal and cordilleran tree species clearly reflect a long association with fire (Rowe and Scotter 1973) . Many coniferous trees, including jack pine, black spruce and lodgepole pine, have aerial seed banks, with a strong pulse of seed abscission following fire. Some deciduous species, especially aspen, sprout and sucker from dormant buds no longer suppressed by a flow of auxins from the leaves (Wang 2003) . Much of the substrate created by fire represents a hospitable seedbed for the small seeds of these aspen and paper birch seeds, as well as for conifer seeds. Because of all of these adaptations, fire maintains a floristic inertia as post-fire regeneration usually reflects closely pre-disturbance forest cover composition (Weber and Stocks 1998, Greene et al. 2006) . Natural regeneration in recently burned stands usually is limited to the first 4 or so years for a number of reasons. First, rapid colonization by other plants, especially those recruiting asexually, soon leads to a build-up of litter on the surface (Charron and Greene 2002). Second, this fast-growing cohort can very quickly reduce near-surface light levels beneath them to under 10%. Third, for those species possessing aerial seed banks, the cones are rapidly depleted and essentially empty within about 4 years (Charron and Greene 2002). Fourth, sucker and sprout production is limited to approximately the first 2 years as auxin supply (and suppression of dormant buds) within a clone is resumed because of the rapid increase in total leaf area to a clone .
Fire usually increases dramatically the availability of the optimal seedbeds (<3 cm residual duff thickness) on upland sites (Lutz 1956 , Miyanishi and Johnson 2002 , Greene et al. 2005 ). According to Greene et al. (2007) , across the Canadian boreal and cordilleran forests the average percentage of upland seedbeds with duff <3 cm was 40% immediately following fire but only 1% in intact forest. Generally, then, in most cases where there has been an intense fire on an upland site with at least some component of pine species or black spruce, natural regeneration density exceeds forestry stocking standards (Donato et al. 2006) . As for aspen, contradictory results have been reported in the literature on the effect of fire severity, as Fraser et al. (2004) observed little or no effect of severity on density of suckers, while Wang (2003) and Greene et al. (2004) reported significantly lower density of suckers on severely burned plots. Nonetheless, the variation in stocking for asexual aspen along a canopy severity gradient is slight compared to the seedbed-mediated response of sexual stems.
Salvage operations can of course alter seed tree availability and disturb seedbeds; we should expect significant impacts from such practices on natural regeneration. Heavy machinery usually increases mineral soil exposure and thus creates more appropriate seedbeds. As skidpaths will usually cover between 17% and 33% of a clearcut cutblock (Smidt and Blinn 2002) , and a large fraction of these paths will have optimal seedbeds, the positive impact on seedbed availability could be expected to be quite high. While studying paired salvaged and non-salvaged stands in a 12 500-ha fire in northwest Quebec in lowland sites with residual ice at the time of the early spring fire, Greene et al. (2006) reported 4 times more thin duff cover in the salvaged plots than in the non-salvaged ones (19% vs. 5%), primarily because of the skidpaths.
However, early salvage can also remove a large fraction of the aerial seed banks whose seeds have not yet had time to abscise. According to Greene and Johnson (1999) , 35% of viable black spruce seed had still not abscised by the second year following a Saskatchewan fire. By contrast, jack pine abscised more readily: only 3% of the viable seeds remained within the cones 2 years after fire. When cone-bearing branches of black spruce with a full compliment of seeds are delimbed on site following fire, very few seeds escape from the cones, and there is little resulting germination (Greene, unpublished data) . A final effect of salvage is obvious, and is a reverse image of the previous factor: insofar as seeds have already abscised and germinated, a large fraction of these will be killed by moving machinery, especially along the skid paths. Thus, Greene et al. (2005) found few pre-operation seedlings remaining on the areas that became skidpaths. Clearly, this effect will be more dramatic for the early abscising jack pine and lodgepole pine than for the more reticent black spruce. Machinery will also kill early asexual recruits, especially along skidpaths. For aspen, a second cohort of suckers can replace the losses on skidpaths if the salvage occurs early.
Thus, one might predict that the net effect of rapid salvage on tree recruits will be negative, especially for the sexual recruits. Greene et al. (2006) found that recruitment success of jack pine and black spruce (especially) was much lower for salvaged than non-salvaged burns in Quebec where the salvage occurred within a year of the fire. In a study from Oregon involving a before-and-after design, Donato et al. (2006) reported a 71% decrease in the regeneration of Douglas-fir following salvage logging 2 to 3 years post-fire. In this case, soil disturbance and physical burial of the seedlings were responsible for the observed decreased survival, as natural regeneration was already well-established prior to the operations. As for the response of sprouting species, Fraser et al. (2004) reported a 60% decrease in aspen sucker densities due to physical damage with a winter harvest immediately after a summer fire. Likewise, Kurulok and MacDonald (2004) observed a 50% decline in deciduous (mainly aspen) recruit density due to salvage. Of course, these reductions are confined to the portion of the salvage that consists of skid paths. By contrast, Greene et al. (2006) reported that density of aspen suckers was only modestly reduced by salvage as losses on the skid path were balanced by a second cohort of suckers on those same paths. Because the negative effects salvage logging has on regeneration success are more pronounced on species with aerial seed banks, which are essentially coniferous, salvage logging will, like clearcuts in intact forest, favour a shift in dominance towards vigorously asexually recruiting species such as aspen (Greene et al. 2006) . If salvage occurs too early, then the aerial seed bank species must seed in from the edges of the fire and from large unburned residual stands and patches. Mature stands of lodgepole pine and jack pine annually abscise few seeds in intact forest. Black spruce is not similarly constrained (LeBarron 1939). Meanwhile, sexual recruitment from edges is invariably poor beyond about 50 m to 100 m from a well-stocked edge (Peters et al. 2005) , aspen perhaps being an exception (Turner et al. 1997) . Thus, rapid removal of the conifers possessing aerial seed banks would insure that adequate regeneration from seed would be limited to the edge.
Current knowledge thus indicates that we should expect poor regeneration, at least from species with aerial seed banks, following rapid, clearcut salvage. However, alternative salvage approaches ought to produce better stocking (Greene et al. 2006) . For example, delaying clearcut salvage by 1 year would allow the bulk of the cones of jack pine and lodgepole pine to be emptied. Black spruce would require a 3-year delay to successfully abscise such a large proportion of its seeds. We would also expect regeneration to benefit from the longer period with lowered evapotranspiration due to the presence of the shade-bearing burnt trees. Meanwhile the subsequent harvest would trample up to 33% of the ground (Smidt and Blinn 2002) , thus greatly reducing stocking. A variant on this prescription suggests itself: a delayed harvest but with long residual strips of burnt trees remaining behind to provide seeds for the skid paths. As little as 5% of the conifers left behind as residual burnt trees ought to adequately replace the earlier cohort killed on the skidpaths. Long lines of residual trees would be better than an equivalent area in a block pattern because a line maximizes edge, and that is the main limit on dispersal from an area source. Some of these residual trees will of course be blown down, but the loss to wind will be too slow to greatly affect their capacity to reseed the skid paths.
Impact of fire and salvage logging on watersheds
Other aspects of ecosystem functioning are affected by forest fires and subsequent forest management practices, but have received comparatively little attention (Dellasala et al. 2006) . One of those aspects is the impact of salvage on water regimes and watersheds. Different processes occurring during and after the fire greatly affect watershed dynamics. The steep temperature gradient below the soil surface during ground fires creates conditions in which some layers of the remaining soil become negatively charged (Ice et al. 2004) . Because of this negative charge, the soil acquires water-repellent characteristics. This characteristic of burned soils combines with the destruction of ground vegetation by fire to increase surface runoff and erosion after fire. This leads to a significant increase in sediment loads to streams, in some extreme cases up to 20 times, and therefore affects aquatic life (Ice et al. 2004 , Karr et al. 2004 . Also, the increased solar radiation elevates stream temperatures, which can also negatively affect aquatic communities (Ice et al. 2004) . Nonetheless, the impact of fire on watersheds is highly variable and depends largely on site topography (McIver and Starr 2000, Karr et al. 2004) ; in some cases, fire can be beneficial by, for example, bringing a pulsed addition of spawning gravel for fish populations and improving in-stream habitat structure with a large woody debris input (Karr et al. 2004) . Salvage logging, when conducted carelessly, can multiply the potential negative effects of fire on watersheds by intensifying erosion significantly (McIver and Starr 2000; Karr et al. 2004) . Building new roads, and logging in riparian areas, on steep slopes, on erosion-prone soils or on severely burned sites all contribute to increase sediment loads.
Economic and Ecological Considerations in the Planning of Salvage Logging Operations
In many cases, the development of management strategies targeting recently burned forests is hindered by divergent or unspecified management objectives. Thus, the first step towards establishing workable policies around which consensus can be achieved is to clearly identify the objectives that should be pursued. Tables 3 and 4 summarize the ecological and industrial constraints discussed so far in this review. The objectives of a salvage treatment (e.g., maximize wood supply, take advantage of natural regeneration to lessen planting costs, protect watersheds) are obvious but ultimately a large group of animal and plant taxa are competing for the same habitat with loggers (Beschta et al. 2004 , Karr et al. 2004 , Lindenmayer et al. 2004 . The 2 aspects of salvage logging operations that can be easily manipulated in an effort to mitigate this conflict involve the timing of operations and retention strategies.
The timing of salvage operations
The timing of salvage operations has important repercussions as it directly affects the value of the salvaged wood, the amount of wood available, and regeneration or invasive success of certain fire-responsive animals and plants. Timber salvaged the summer, fall or winter following the fire will not suffer from extensive gallery excavation from wood-boring beetles or degradation by wood-decay fungi, and significant checking usually does not appear until a few months to a full year after the disturbance. A delay of at least a few months is usually required, however, because of the necessity to build and improve roads as well as to develop harvest plans. As mentioned, however, early salvage will greatly reduce the natural regeneration of species with aerial seed banks. As most fire-associated insects colonize fire-killed trees in a matter of days after the disturbance and most if not all have life cycles of at least 1 full year, salvage in the few months following the fire inevitably leads to the mortality of the offspring in larval stages of all the individuals that colonized the harvested trees. Early salvage will also have a negative impact on timber drillers, which rely on these insects as their main food source. Early salvage thus has the potential to turn source habitats to population sinks, which could have dire consequences on these species' medium-and long-term landscape-scale population trends.
On balance, early salvage will favour the regeneration of asexually recruiting species (e.g., aspen) since sprouts and suckers will have fewer sexual competitors, and suckers, at least, can replace crushed clonal stems on the skidpaths. Where a company is mandated to return the stand as stocked to conifers, then expensive planting (around 800 $CAD per ha) is unavoidable. It is accepted that delayed salvage will cause serious mortality to sexual stems on skidpaths (averaging 30% of the harvest block). Timber drilling birds • Strongly fire-associated woodpecker species use large-calibre fire-killed trees as food sources and nesting sites; • Close ties with insects; presence concentrated in first few years; • More limited by food sources than nesting sites (higher densities of snags needed).
Secondary cavity
• High density of nesting sites in recent burns; nesting birds
• Most species not strongly fire-associated.
Regeneration
Aerial seed bank species • Seed abscission through 1-3 years depending on the presence of the burnt trees;
• Seed dispersal capacity is relatively low; only black spruce will abscise appreciable amounts of seed from adjacent intact stands; • Positive impact of salvage logging on seedbeds; • Salvage logging can physically damage the early establishing regeneration.
All sexually recruiting
• First-summer survivorship for a cohort will be lessened because of greater species evapotranspiration
Sprouting species • Salvage logging can physically damage established regeneration, but this cohort is often replaced by another from the same clones.
Watersheds n/a • Logging in riparian areas and on steep slopes increases sediment load of watershed. 
Retention strategies
Several of the ecological constraints to salvage logging enumerated in Table 3 are linked to the presence of standing dead trees. Leaving a given proportion of standing merchantable trees would help retain a similar proportion of the initial populations of saproxylic insects, although for equivalent stand structure (density per dbh classes) populations are likely to vary along other environmental conditions. Populations of the birds that feed on these insects would be similarly promoted. To maximize the preservation of saproxylic insects breeding in recent burns, retention efforts should be focused mostly on lightly burned stands located close to the edge of the burn because these trees will be the ones where oviposition was concentrated. Leaving groups of trees as patches, regardless of size, or strips, should be equivalent in value for saproxylic insects. As for ground-dwelling beetles, no negative effects of salvage logging have been reported thus far in the literature, and Phillips et al. (2006) reported highest species richness at salvaged/unsalvaged edges following harvesting. Strip cuts could therefore have a positive impact on ground-dwelling communities, although this guild is not one we need worry about. Timber drillers rely on wood-feeding insects as their primary food source in recent burns (Nappi et al. 2003) , and any form of retention contributing to maintaining wood-borer populations will also help maintain these species. Some studies indicate that timber driller densities are likely to diminish even under high levels of retention, as Saab and Dudley (1998) reported decreased nest densities even at retention levels as high as 50%, although with limited sample sizes. Hutto and Gallo (2006) also suggested that these species were mostly affected by food limitations rather than nesting site limitations, warranting the high densities of snags needed for optimal reproduction. However, further research is needed to establish an eventual snag density threshold above which the home range area of such birds would remain relatively unaffected by harvesting, and whether spatial configuration of remnants can have an impact on reproduction success. Also, until the population dynamics of fire-associated woodpecker species is better understood, we do not have a clear understanding of the importance of recent burns as population sources for these species, and thus on the impact different scenarios of retention could have on long-term population trends.
Because the seeds of most tree species have quite limited dispersal, retention has long been advocated for the promotion of natural sexual regeneration in conventional clearcuts; likewise, it is recommended that we retain burnt trees in salvage areas for aerial seed bank species (Greene et al. 2006) . This limited dispersal potential also suggests that the concentration of retained snags as large patches may not be the optimal approach. Strip cuts then are a likely way to maximize the dispersal potential of the wind-dispersed burnt trees. These strips cannot be very wide as there is usually only about 15 m across from one skid path to the next. Indeed, for sponsoring sufficient seeds to regenerate the skid paths, the residual strip need only be perhaps 2 m or 3 m wide; i.e., a single line of trees. This assemblage of lines need not constitute a large fraction of the area; it could be so small a proportion of the standing burnt timber that it might be unlikely the company would bother to return to cut it. Long lines of residual trees would ameliorate the water loss typical of clearcut salvage but would clearly not create conditions as shady as would be found in large residual patches and leave the burn as a whole drier. Whether there are certain plant species (the moss Polytrichum?) requiring so much shade at an early stage is not known.
A diversity of approaches
Because pre-and post-fire conditions vary tremendously within a single burn (e.g., pre-fire stand age, mean diameter, fire severity, seedbed quality, etc.), no single management approach allows one to meet all of the conventional objectives in a salvage operation. Green patches within the burn should be maintained as such, as they can act as refuges for mature forest species and as sources of colonists as the forest regenerates (Gandhi et al. 2001) . Inaccessible stands and riparian buffers can be seen as a first contribution to retention, and will contribute in terms of habitat for fire-associated species. If inaccessible stands and riparian buffers do not cover the whole spectrum of post-fire conditions within a given burn, then additional retention can be integrated in the salvage plan to cover other types of post-fire conditions. Retention can be planned to maximize natural regeneration and minimize planting. Harvesting needs to be minimized on steep terrain or in other erosion-prone areas to limit additional impacts on watersheds.
Research needs
Recent burns have been the object of a burgeoning literature in the last fifteen years (e.g., Hutto 1995 , Gandhi et al. 2001 , Morissette et al. 2002 , Saint-Germain et al. 2004a , Buddle et al. 2006 , Greene et al. 2006 , Boulanger and Sirois 2007 . But certain aspects have received little attention. Mechanisms by which wood degrades following tree death are well understood, but our knowledge of the influence of the environment on the occurrence and intensity of such processes is still limited. Some recent papers have suggested that the importance of some degradation agents, namely the density of wood-boring insects (Saint-Germain et al. 2004b ) and checking (Nakamura and Woodard 2003), vary spatially within single burns with some specific environmental parameters. A better understanding of how these degradation agents vary in space may allow the development of spatially explicit GIS-based predictive models which could play an important role in the planning of salvage operations (e.g., Russell et al. 2007) , so managers might identify stands that should be either salvaged immediately to minimize damage or kept as reserves for insect and bird biodiversity.
Our knowledge is also limited on the effective contribution of recent burns to the global population dynamics of fire-associated species. Such species usually have exceptional mating success in such habitats, much more than is usually observed in unburned habitat (Murphy and Lehnhausen 1998) . If the average fitness of individuals in unburned habitat is negative, then these species would exhibit source-sink population dynamics (Pulliam 1988) , and recent burns would be essential to the persistence of such species. Either for the fire-associated species of woodpeckers or their saproxylic prey, we do not at this point have a definite understanding of the long-term importance of the population outbursts observed in recent burns (but see Hutto 1995 , Hutto and Gallo 2005 , Gentry and Vierling 2007 , Saint-Germain et al. 2008 . It is thus difficult to establish what levels of retention are necessary to insure that these species will not be endangered by the recent and growing phenomenon of salvage logging. The importance of the spatial configuration of remnant habitats is well established in unburned forest harvesting context (Andren 1994 , Villard et al. 1999 . However, the impact of the spatial configuration of retention areas in salvaged burns is likely to differ, since burned forest is, by definition, already an open habitat. The issue of interior forest species thus does not apply in such a habitat. However, habitat configuration providing low connectivity might still affect species by increasing energy spent looking for food. Also, we do not know at this point how timber drillers or other guilds would respond to linear retention in a strip cut context.
